INTRODUCTION
THIS paper is a continuation of an investigation into the genetic variation present in subspecies of diploid Dact5lis, the first part of which has been published (Parker, 1968) . In the following account, the methods of analysis developed byJinks (1954) , Hayman (1954 Hayman ( , 1958 and Dickinson and Jinks (1956) are again used.
MATERIALS AND METHODS
The 9 x 9 diallel cross described previously (Parker, 1968) was transplanted to the field in late March 1964 in an identical layout to the seedling experiment (3 blocks, 12 plants per replicate). The same subspecies numbers as before are used in the graphs (see fig. I ), and the characters In the last three characters mentioned, sampling technique had to be considered carefully. For summer leaf area, a well-developed tiller on each plant was selected, and the second mature leaf below the top was measured, this means that the leaves are not homotypes as in the case of leaf six and the flag leaf.
With total chlorophyll content, the considerable time and labour involved in preparing homogenates for spectrophotometric analysis meant that only a sub-sample of leaf tissue was taken from a bulk sample of two recently matured leaves collected from each plant in the replicate. As soon as possible after collection, the centre sections of the leaves of the bulk samples were removed, a sub-sample of at least one gram taken for dry weight estimation, and a separate sub-sample of half to one gram taken for analysis, depending upon the size of the individual leaves. This second sub-sample was macerated in 80 per cent. acetone and anhydrous sodium carbonate, and the chlorophyll extract prepared according to the method of Arnon (1949) . The spectrophotometric determination of chlorophyll was made on 2B 369 a Unicam S.P. 500 spectrophotometer, using the equations given by Arnon (bc. cit.) for 80 per cent, acetone extracts, with optical density measurements at 663 mje, 645 m and 652 mj, using the specific absorption coefficients given by Mackinnay (1941) .
The analysis of leaf dry weight was carried out on the samples dried for use in chlorophyll estimations. These samples are small, and can only be considered as an estimate of the dry weight of the leaves, not the whole plant.
The environmental component of variation (E2), was derived from the between blocks total interaction mean square from the analysis of variance, and appropriately calculated for Vr and Wr (Jinks, 1954) , but in only two analyses (leaf dry weight, and chlorophyll mg./gm. dry weight) was it large enough to significantly alter the level of dominance expressed in the graphs.
In these two cases the corrected ordinate and abcissa have been put in as broken lines on the Wr/Vr graphs.
As in the previous paper (Parker, 1968 ) Wearden's (1964 test of the (a) M.S. against the (c) M.S. and the (b) M.S. against the (d) M.S. was included whenever (c) and (d) were significant. The conclusion from this test overriding that from tests made agaisnt block interactions if the two disagree about the significance of (a) and (b).
RESULTS (i) Emergence date
The mean emergence date, calculated as the number of days after 1st April, are presented in table 1, and the corresponding Hayman's analysis in table 2. In the analysis of variance, all items were tested against their Hayman (1954) , which were further developed by Dickinson and Jinks (1956) to include a diallel cross between heterozygous parents. These methods use the array variances (Vr) and covariances (Wr) within arrays of family means with the non-recurrent parent.
As all progenies were derived from the bulked seed of five pair crosses, maternal effects were assumed to be independent of genotype, and the (r = O651*). The regression of W'r (covariance of progeny mean on to non-recurrent array mean) upon Wr (Hayman, 1958) , is also significant (0.571 P 0.001) and gives a similar distribution of parental array points.
(ii) Flag leaf area The mean area data are presented in table 3 and the results of Hayrnan's analysis in table 4. Bartlett's test shows the six error variances to be homogenous (X2(5) = 40; P = 0.7), all components of the analysis are therefore tested against the common error item (Bt). There is significant genetic variation between the parental populations (item a), also a significant main dominance component (item b). The components of dominance are all significant, the largest being (b1) indicating considerable heterosis in crosses between populations. There appears to be some gene asymmetry (b2) and specific inconsistent reciprocal effects (b3) present. Both items (c) and (d) are significant, indicating the presence of both consistent and inconsistent reciprocal differences. Wearden's (1964) test shows that only the (a) component is significant, suggesting that genetic variation is mainly additive, with a background of nuclear/cytoplasmic interactions.
The Wr/Vr analysis ( fig. 2) shows a regression line not significantly different from one (b = 0.998±0l95; P = 0.01). This cuts the Wr axis positively, indicating incomplete dominance; this is ambidirectional, there being no correlation between P and (Wr+Vr). The W'r/Wr graph ( fig. 2) also gives a significant regression (b = 0360±0045; P 0.001). This cuts the W'r axis positively and is significantly different from +050 (t = 002 -0.01). The order of parental points, however, is similar to those of the Wr/ Vr graph. Application of Bartlett's test showed that the error variances were homogeneous (X2(5) = 32; P = 0.7) therefore all components were tested against the common error variance (Bt). The analysis of variance showed significant genetic variation between the parental populations (item a), the main component of dominance (item b) is also significant. The significance of the components of (b) suggest the presence of gene asymmetry (b2), and specific inconsistent dominance relationships (b3). The significance of item (c) indicates the presence of consistent reciprocal differences; (c) is, however, not significantly greater than (d). Finally, there is some evidence that either the difference in environment, or variation in sampling technique, the leaves not being homotypes, has caused some difference in leaf areas between blocks (item B). The graphical Wr/ Vr analysis ( fig. 3) shows a significant regression line is positive (r = 0.939***) indicating directional dominance for small leaf area. This relationship is interesting with regard to the ecology of the populations, and will be considered further below. The W'r/Wr graph ( fig. 3) shows a similar distritution of parental points, the regression (b 0424 0-036; P = 0.001) not being significantly different from the theoretical +050 (Hayman, 1958) . Analysis by the Wr/ Vr method shows no significant regression (fig. 4 ).
Absence of a significant regression line can be due either to the lack of dominance, in which case the points would be clustered around the position on the limiting parabola Wr 2 Vr, or to some form of non-allelic interaction, when the points are more widely scattered, usually to the right of, and below, the theoretical regression line. The latter case occurs here, however the analysis of variance indicates reasonably large additive genetic differences, and the disturbances could well be caused by reciprocal effects. Reference to the graph shows that six of the nine populations show some measure of increased dominance in the maternal arrays. The W'r/ Wr regression ( fig. 4 ) is also non-significant, indicating a considerable degree of disturbance, as this graph is not usually disturbed by the presence of non-allelic interaction or heterozygosity (Hayman, 1958; Lawrence, 1964) .
The mean data for total chlorophyll in mg.fgm. fresh weight and dry weight respectively are presented in table 9, and the corresponding Hayman's From the analysis of variance there is good evidence of genetic variation between the populations in both characters (item a), together with the existence of some dominance (item b). Of the component of dominance, only (b2) and (b3) are significant, indicating the presence of gene asymmetry, and specific inconsistent reciprocal differences. Both items (c) and (d) are significant, pointing to the presence of consistent and inconsistent reciprocal effects. Wearden's (1964) test shows that item (c) is in fact significantly greater than (d), indicating that these reciprocal effects are of considerable magnitude in both characters. There are also differences in the significance of the components of (b) when tested against (d). In the chlorophyllmg./gm. fresh weight analysis both items (b1) and (b2) are significant, suggesting that some directional dominance is present, along with gene asymmetry. In the dry weight analysis only gene asymmetry (b2) is a significant component of (b).
Investigation of the genetical situation by the Wr/ Vr graph ( fig. 5) shows that there is a significant joint regression in the chlorophyll mg./gm. fresh weight graph (b = 0797±0l30; P = 0.001), but not in the chlorophyll mg./gm. dry weight graph (figs. 5-6). However, there is a significant male regression (b = 0623 P = 0.05-0.01). Obviously there is greater interaction occurring on the female side, although it is not consistently in one direction ( fig. 5 ).
In neither case is there any correlation of the parental values with (Wr+ Vr). The correction of ordinate and abcissa for the environmental component (E2) in the dry weight graph, reduces the level of dominance to approximately that of the fresh weight graph.
In the W'r/ Wr analysis there is again a significant regression in the fresh weight graph (b = 0328 0076; P = 0001) and a similar order of parental points ( fig. 5 ). There is no regression in the dry weight graph in either sex ( fig. 6 ).
4. Dxscussio Previous studies upon the characters considered here, using similar methods, are considerably biased in favour of flowering time. There appears to be no general pattern of dominance relations prevailing between or even within populations or species, genetic control ranging from dominance for earliness as in Triticurn cultivars (Crumpacker and Allard, 1962) through ambidirectional dominance as in wild Melandrium (Lawrence, 1963 (Lawrence, , 1964 and Secale species hybrids (Sun, 1962) , to dominance for late flowering as in Pisum cultivars (Rowlands, 1964 ).
The present study shows the presence of a large additive component, with a degree of dominance for earliness, this is not correlated with geographical distribution, as in leaf area, but does indicate that in these subspecies populations of Dactylis there is directional selection for early flowering.
Both the leaf areas studied have a considerable additive component, but differ in the degree and type of dominance expressed, also the degree of genetic interaction apparent in the Wr/Vr graphs. Flag leaf area shows ambidirectional dominance, suggesting a history of stabilising selection (Mather, 1960) , and the parental points on the Wr/ Vr graph tend to form a slight curve, concave upwards, suggesting that some form of complementary gene action may be present (Mather, 1967) . Summer leaf area on the other hand shows directional dominance for small size, suggesting a history of directional selection. It is reasonable to suggest that this is a direct response to the climatic conditions experienced by the original subspecies populations sampled, those adapted to a climate of summer drought having the smallest summer leaves. This directional selection pressure operating on a geographical basis is the reverse of that found previously for winter growth in the same material (Parker, 1968) , and by Cooper (1964) in Lolium and Dactylis.
Leaf dry weight has not been previously investigated, although some data on whole plant, and fruit dry weight in Lycopersicum crosses has been published by Kheiralla and Whittington (1962) . In neither of these characters was there the large amount of genetic disturbance present as in Dactylis. This appears to be caused by large consistent reciprocal differences tending to increase the level of dominance in progeny of the maternal parents. There are also specific dominance interactions occurring in all progeny but those of subspecies juncinella (2) and aschersoniana (4).
Analyses of cholorophyll content once more indicated that a large additive component was present with a degree of ambidirectional dominance for the joint analysis of chlorophyll content on a fresh weight basis, but interaction again caused mainly by factors detected by the (c) item in the Hayman's analysis, in the chlorophyll data calculated on a dry weight basis. That this effect was mainly maternal was shown by the considerable disturbance of the famale Wr/ Vr graph compared to the male Wr/ Vr. Hanover (1966) , in his study of terpene production in Pinus, also showed that both additive and epistatic effects were present in hybrids, although his method of analysis is not comparable to the present one. Lamprecht and Stevens (1964) , on the other hand, in their analysis of nitrogen content in Lucerne showed a very large (c) component, which did not affect the Wr/ Vr graph at all; there was, however, no significant (d) component to add its complicating effects.
The one characteristic feature occurring in all the analyses considered is the persistent occurrence of consistent and inconsistent reciprocal differences either singly or together. It is doubtful if these effects are entirely due to variation in seed weight, the effect of which usually decreases quite rapidly with time (Thomas, 1966) , although this cannot be completely ruled out. The alternative, the presence of nuclear-cytoplasmic interactions, appears more probable at the adult plant stage (Hayward, 1967; Lawrence, 1964) . 2. The pattern of variation between the subspecies samples was mainly additive in nature, with a considerable level ofconsistent reciprocal differences, not always entirely maternal, and gene-cytoplasm interactions. 3. The results are discussed briefly in relation to the distribution of the populations.
